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INTRODUCTION 
 

Slides in sensitive clays represent a major geohazard in many low-lying coastal areas of 
eastern Canada, Scandinavia and northern Russia. Fluvial erosion, earthquakes and 
anthropogenic factors are the most frequent triggers of quick-clay slides. When the stress 
condition in these clays reaches past the limit stress state, they quickly liquefy and their yield 
strength and viscosity drop by several orders of magnitude. This results in long run-out 
distances and a constant threat to society. To avoid difficulties in assessing the run-out 
distances of quick clay slides, hazard assessment methodologies in Canada and in Norway 
largely rely on statistical data. Here, we report on a preliminary study that we conducted with 
a view to creating a dynamical run-out model for quick-clay slides. 
 
RELEVANT PROPERTIES OF NORWEGIAN QUICK-CLAY SLIDES 
 

L'Heureux (NGI Report 20120753-02-R 
(2012), Norwegian Geotechnical Institute, 
Oslo, Norway) documented the connections 
between the morphological and geotechnical 
properties of more than 30 Norwegian quick-
clay slides and their run-out behavior. Most 
quick-clay slides are either retrogressive 
flowslides, translational (flake) slides, 
spreads, or combinations thereof. Key 
controls of the slide evolution are the 
potential energy available for remolding, the 
topography of the release area and of the out-
flow gate, the ratio between sensitive clay 
and overlying non-sensitive soil, and the 
rheological properties of the quick-clay. The 
retrogression distance D is in the range D = (0.1…1) L, where L is the run-out distance. The 
latter grows with the volume (V) per unit width (W) as L ∝ (V/W)3/4, the proportionality 
coefficient being significantly larger for Norwegian quick-clay slides than for Canadian ones. 

The laboratory experiments by Locat and Demers (Can. Geotech. J. 25 (1988) 799–806) 
suggest that the behavior of quick clays can be reasonably described by universal relations in-
volving the liquidity index, plastic index, remolding energy, salinity and sensitivity. However, 
one needs to repeat these tests with Norwegian clays and analyze them in terms of a (shear-

Fig. 1 Recent quick-clay slide in Hobøl (SE Norway). 
Note the flat terrain and the mixture of remolded and 
unremolded material. Photo H. Heyerdahl, NGI. 



thinning) Herschel–Bulkley fluid rather than a Bingham fluid because the shear stress appears 
to grow in a sub-linear fashion with the shear rate. Encouragingly, the undrained remolded 
strength (cur) of quick clays measured with geotechnical methods is close to the remolded 
yield strength obtained from the more demanding rheological tests, and the consistency 
appears to scale approximately with the yield strength. 
 
BACK-CALCULATION OF SELECTED SLIDES WITH EXISTING MODELS 
 

Issler et al. (NGI Report 20120753-01-R (2012), Norwegian Geotechnical Institute, Oslo, 
Norway) assessed the capability of existing numerical flow models to capture the most im-
portant aspects of quick-clay slides by back-calculating three events from Norway. The By-
neset slide (2012, approx. 0.3×106 m3) was subaerial, the Finneidfjord slide (1996, approx. 
1×106 m3) mostly subaqueous, and the famous Rissa slide (1978, (5–6)×106 m3) passed from 
subaerial to subaqueous conditions. The numerical codes were (i) BING by Imran et al. 
(Computers Geosci. 274 (2001) 717–729), a quasi-2D visco-plastic model, (ii) DAN3D (2009 
version) by McDougall and Hungr (Can. Geotech. J. 41 (2004) 1084–1097), and (iii) Mass-
Mov2D by Beguería et al. (Nat. Haz. Earth Sys. Sci. 9 (2009) 1897–1909). The latter two are 
quasi-3D codes and were run with (visco-)plastic bed-friction laws. We considered buoyancy 
effects by appropriately scaling the digital elevation model in the vertical dimension for 
DAN3D and MassMov2D (and for BING in the subaqueous part of the Rissa slide path). 

BING reproduced the observed run-out distances only with a yield strength much larger 
than the measured cur, and velocities tended to be too high. The shortcomings are mostly due 
to neglecting 3D effects of the topography and the gradual progression of remolding. In the 
case of Rissa, it was essential to release the mass sequentially, as observed in reality. DAN3D 
reproduced the Byneset run-out distance with the observed cur and captured run-up in 
contributory river branches, but ran too far and too fast in the Finneidfjord case; the deposit 
shapes matched observations poorly. MassMov2D correctly predicted some slide material to 
run upstream in tributaries at Byneset, but overestimated the run-out distance using the 
measured, fully remolded geotechnical soil strength; it predicted absence of deposits in the 
upper reaches of the slide path where in reality there were substantial deposits. 

 
CONCLUSIONS 
 

Our findings indicate that the Herschel‒Bulkley rheology may provide an adequate 
framework for a run-out model for quick-clay slides, but a realistic description of remolding 
and retrogressive failure is indispensable for obtaining correct run-out distances with the 
measured geotechnical soil parameters. Furthermore, the non-sensitive topsoil riding 
piggyback on the quick-clay layer should be explicitly included in the model because its 
thickness may determine whether the slide develops into a flow or not. In many cases, the 
topography is rather complex so that 3D or quasi-3D (depth-averaged) models are required 
for realistic modeling of flow heights and velocities. Finally, since many Norwegian quick-
clay slides run-out in a fjord (and may generate a tsunami), it is also desirable to explicitly 
account for buoyancy and hydrodynamic drag. The resulting model will thus be considerably 
more complex than existing models for landslides in non-sensitive soils. 
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